Introduction
Cholestasis is defined as every physiopathological alterations in which a decreased or absent biliary flux into the duodenum is present, due to defects in bile secretion or to interference in its transport 1, 2 . Biliary atresia (BA) is the most important cause of cholestasis in infants 3 , since it presents 100% mortality if left untreated 4 and is the principal cause for the indication of pediatric liver transplant 5 .
A reduction in the concentration of biliary acids and the consequent malabsorption of fats, are responsible for a considerable reduction in energy utilization of the diet, resulting in malnutrition 6 . In chronic liver disease, malnutrition can contribute to gradual hepatic deterioration and, in many cases, result in death due to liver failure 7 . Malnutrition is the most important factor which interferes in survival, both in patients awaiting transplantation and in those post-transplantation 8 . Prevention or treatment of nutritional deficits allows for improved ponderostatural growth and neuropsychomotor development, as well as lower morbidity 7 . It has been proposed to substitute medium chain triacylglycerols (MCT) for long chain triacylglycerols (LCT) in the dietotherapy of cholestasis 9 , as the former do not require the action of biliary salts and the formation of micelle in order to be absorbed by the enterocytes and are transported directly into the blood circulation 10, 11, 12 . Some natural fats contain about 50% of MCT, such as coconut oil, palm kernel oil and babassu fat 13 . The babassu oil is obtained from the kernel of the fruit of several varieties of the palm Orbignya spp. 14 , native to north region in Brazil. Deems and Friedman 15 showed that animals with common bile duct ligature fed on a diet containing coconut oil as a source of MCT, put on significantly more weight than animals fed on a diet composed of LCT.
Deems et al. 16 showed that cholestatic animals fed on diets rich in fat (30% of the calories provided by saffron oil) presented higher levels of serum alkaline phosphatase activity, more liver fibrosis and ductal proliferation 28 days after common bile duct ligature, than animals which received a diet poor in fat (3% of total calories). Similarly, Muriel 17 observed that rats which received Purina chow diet 5001 enriched with 33% pork fat from P21 to P56 presented more intense liver damage after cholestasis from P56 to P63 compared to animals which were fed a standard Purina chow diet 5001 containing 4.5% fat.
Our aim was to test, in an experimental model of cholestasis in young rats, the effects of a babassu fat diet in comparison with a low fat content diet using corn oil to provide an adequate amount of essential fatty acids on nutritional status.
Methods

Experimental design
The independent variables were: 1) the presence or absence of cholestasis (ligature and common bile duct resection or sham operation) and 2) the type of diet (containing triacylglycerols with long chain fatty acids at low concentration or babassu fat).
The dependent variables analyzed were: weight gain from P25 to P49 every four days, growth velocity and acceleration at each moment estimated by the Verhulst's logistic function, total food and energy intake from P21 to P49, weight gain/ energy intake rate from P25 to P49 (energy utilization rate) and fat absorption rate and nitrogen balance from P42 to P49.
Experimental procedure
The experimental procedure was approved by the Ethics in Animal Experimentation Committee of the Botucatu School of Medicine, protocol number 060, 27/09/1999, in according to Ethical Principles in Animal Experimentation accepted by the Brazilian College of Animal Experimentation (Colégio Brasileiro de Experimentação Animal -COBEA) 18 . Animal care, anesthetic, surgical and euthanasia procedures were performed according to the recommendations of the Canadian Council on Animal Care (CCAC) 19 Guide and of the Guide for the Care and Use of Laboratory Animals (National Research Council -USA) 20 .
Animals and diet
We studied forty male Wistar rats born in the Pediatrics Experimental Laboratory, of nulliparous females weighing between 180 and 220g, provided by the Animal Center of the Botucatu Campus -UNESP; they were kept in controlled environmental conditions -a temperature of 22 to 23 ºC and light/dark cycle of 12 hours. From birth until P21 (21 st postnatal day), they were nursed in groups of six animals. Immediately after weaning they were divided into four groups of ten animals each: 1) group LLF -ligature and common bile duct resection and a low fat content diet (corn oil supplying 4.5% of the total amount of energy, LF diet); 2) group LBF -ligature and common bile duct resection and a babassu fat diet (this fat supplying 32.7% and corn oil supplying 1.7% of the total amount of energy, BF diet); 3) group SLF -sham operation and LF diet; 4) group SBFsham operation and BF diet. From P21 until euthanasia (on P49), they were kept in individual cages, with ad libitum access to water and standardized food according to its group. The dietary compositions can be found in Table 1 . The proportion of fat in each diet was calculated so that the available calories after absorption were similar -60% of the LCT 21 and 100% of the MCT . The bile duct and the hepatic artery were dissected one from the other, eliminating the possibility of ligating the artery and the duct together. The sham operation followed exactly the same procedure, excepting the double ligature and resection of the common bile duct. During surgery the animals were anesthetized by a 30mg/kg dose of pentobarbital i.p. After euthanasia (see below) the hepatic hilum area was inspected in order to rule out any collection of bile or dilatation of the proximal bile duct remnant. The cholestatic liver disease was confirmed by microscopic and microscopic liver examination.
Measurements
Body weight and the ingestion of each animal were measured daily using a Nagema torsion balance graduated in 0.1g. From P42 to P49, the animals were kept in individual cages collecting separately urine and feces; the fecal weight and urine volume were recorded daily and the samples were kept refrigerated until the nitrogen determination was carried out by the micro-Kjeldahl method 29 and the fecal fat content was determined by the gravimetric method with fat extraction by sulfuric ether in a Soxhlet extractor during a 12 hours period. The amount of nitrogen ingested was calculated considering that 1g of nitrogen corresponds to 6.25g of protein. Nitrogen balance (NB) and the fat aborption rate (FAR) were calculated according to the following formulae: 
Euthanasia
At P49 the animals were anesthetized with pentobarbital and exsanguinated through a cardiac puncture.
Verhulst's logistic function
The study of weight gain (WG) was begun at the P25 (25 th day postnatal) in order to exclude the period of weight loss due to the surgical procedure. The WG for each animal from P25 until each following moments separated one from the other by four days time was determined. The results of WG for each moment and for each experimental group were fitted to the Verhulst's function using the Marquardt-Loewenberg algorithm, using the Sigma Stat 2.0 program. With the estimated WG values and the estimated parameters a and g, the values of growth velocity (first derivative of the logistic function) and growth acceleration (second derivative of the logistic function) were calculated 30 .
Statistical methods
The means and standard deviations of each measured variable for each experimental group were calculated. The effects of: 1) the surgical procedure independently of the type of diet, 2) the type of diet independently of the surgical procedure and 3) the interaction of both factors were studied using a two way ANOVA (Sigma Stat program for Windows Version 2.0, Copyright© 1992-1995, Jandel Corporation) according to the following steps: 1) testing for normality and equality of variances of the values obtained for each group; 2) a two way analysis of variance was applied: considering as factor 1 the type of diet; and as factor 2 the presence or absence of cholestasis; 3) when a significant interaction between the factors occurred (p<0.05) multiple paired comparisons using the Student-Newman-Keuls method (S.N.K.) was realized, identifying pairs of groups with significant differences between them; 4) if a sample did not pass the tests of item 1, mathematical transformations of the data were made and the transformations which passed the tests were analyzed. This was the case for the fat absorption rate and the growth acceleration at P41, which were substituted by its rank number.
Results
Cholestasis began to exert its effect on weight gain (WG) from P41 ( Figure 1 ). Dietary effects on WG were only demonstrated when considering WG up to P49 -the administration of the BF diet increased WG in the animals without cholestasis (SBF>SLF) and was associated with reduced WG in animals with cholestasis (LBF<SBF); the LF diet avoided the effect of cholestasis on WG (LLF»SLF), but no significant difference occurred between the two groups with cholestasis (LLF and LBF) (Figure 1 ). As indicated in Figure 2 , cholestasis began to exert its effect on the growth velocity (GV) from P37. At P41 and P47, the effects of diet were demonstrated on GV -the administration of the BF diet increased GV in animals without cholestasis (SBF>SLF) and was associated with reduced GV in animals with cholestasis (LBF<SBF); the LF diet avoided the effect of cholestasis on GV (LLF»SLF) and at P45 was associated to a GV greater than that associated with BF diet in animals with cholestasis (LLF>LBF) ( Figure  2 ).
Mean growth velocity observed (g) in the four groups, from P25 to P49 with four day intervals. LBF: group with ligature and common bile duct resection and babassu fat diet; LLF: group with ligature and common bile duct resection and low fat diet; SBF: group with sham operation and babassu fat diet; SLF: group with sham operation and low fat diet. A statistically significance was accepted when the probability of error α was less than 0.05. The growth acceleration (GA) at P25 was greater in animals with cholestasis than in animals without cholestasis, independently of diet, but at P29 it was similar in all groups (Figure 3) . Cholestasis began to exert its effect on GA from P33 onwards. Dietary effects on GA were demonstrated at P41 and P45 -the LF diet was associated with a greater GA than the BF diet in animals with cholestasis (LLF>LBF); the BF diet did not avoid the effect of cholestasis on GA (LBF<SBF) (Figure 3 ). Cholestasis, independently of the type of diet, was associated with a decrease in food and energy intake [(LLF+LBF)<(SLF+SBF)]. The type of diet, independently of cholestasis, had no effect on the food and energy intake ( Table 2 ).
The type of diet had no effect on energy utilization in rats without cholestasis (SLF≈SBF). LF diet significantly increased energy utilization over BF diet in animals with cholestasis (LLF>LBF). The BF diet did not avoid the effect of cholestasis on energy utilization (LBF<SBF) ( Table 2) .
Cholestasis decreased the fat utilization rate (FAR) both in animals with BF diets (LBF<SBF) and in animals with LF diets (LLF<SLF), but the LF diet led to greater FAR than the BF diet in animals with cholestasis (LLF>LBF). The type of diet had no influence in the FAR in rats without cholestasis (SLF≈SBF) ( Table 2 ).
The type of diet had no influence in the nitrogen balance (NB) in rats without cholestasis (SLF≈SBF); cholestasis decreased the NB both in animals with BF diets (LBF<SBF) and in animals with LF diets (LLF<SLF), but in the latter the reduction was less marked. The LF diet was associated with a higher nitrogen utilization than the BF diet in animals with cholestasis (LLF>LBF) ( Table 2) . 
Discussion
The results indicate that the BF diet increased the weight gain of rats without cholestasis probably due to the greater fat content of this diet, since there was no significant difference regarding the caloric ingestion between these animals (SBF and SLF). The BF diet reduced WG in rats with cholestasis as compared with the LF diet. This is in agreement with the lower utilization of the dietary fat and lower caloric ingestion in rats with cholestasis. This finding is explained by the malabsorption of fat which occurs with cholestasis, as lipids constitute a larger portion of the BF diet than the LF diet. The fat utilization in the diet with babassu fat, with cholestasis, is insufficient to equal the utilization of other nutrients in the diet with little fat. The MCT content of babassu fat in the BF diet, although it is better absorbed than long chain triglycerides, was not able to compensate for its LCT content 12, 31 . Based on the variables related to nutrition and growth, we suggest that the LF diet attenuates the growth retardation due to cholestasis and that the BF diet promotes weight increase in the absence of cholestasis, but does not avoid the effect of cholestasis on growth retardation.
One should notice that GA, GV and WG began to show effects of cholestasis at P33, P37 and P41 that is, effect on AC preceded the effect on GV and this preceded that on WG. Accordingly, the effect of BF diet on GA of cholestatic animals preceded its effect on GV (Figures 1, 2  and 3) .
Deems et al. 16 found that adult rats with common bile duct ligature using diets with safflower oil supplying 3% of the total energy put on more weight than rats fed diets with safflower oil supplying 10% and 30% of the total energy. This is in agreement with our finding that cholestatic rats fed a low fat diet had higher growth acceleration at P41 and P45 and higher growth velocity at p45 than cholestatic rats fed a diet with babassu fat supplying 32.7% of the total energy content.
Cholestasis resulted in a lower NB, both in animals receiving the BF diet and in those receiving the LF diet, suggesting that the utilization of nutrients is less efficient or that increased catabolism occurs, which is in agreement with results found in the literature 32 . Alterations in the metabolism of aminoacids and an increase in energy expenditure, together with a reduction in protein synthesis and accelerated protein catabolism 33 can contribute to a negative NB in cholestasis. According to Pierro et al. 33 , it is probable that carbohydrates were predominantly metabolized in cholestasis, as was shown by measurements of respiratory coefficient, and that protein is used preferentially as an energy source due to hypercatabolism.
In that study, protein oxidation was approximately 17% and the nitrogen balance close to zero. In the absence of cholestasis, the contribution of protein oxidation in energy consumption is around 4 to 9% 34 . Our results are in agreement with these studies since rats receiving the LF diet presented a less accentuated effect of cholestasis on NB and on energy utilization.
Conclusion
The diet with a lower fat content, containing LCT in sufficient quantity to meet essential fatty acid needs, and higher carbohydrate content allows for a better utilization of ingested protein and better utilization of diet energy for growth in cholestasis than a high fat and high medium chain triacylglycerols diet. Therefore studies in humans are warranted to test the validity of such effects.
